Introduction
The isoflavones ("IF 's") are natural phenolic com pounds having in common the 1 ,2 -diphenylpropane skeleton. Structurally and biogenetically they are closely related to the flavonoids which are deriva tives of 1,3-diphenylpropane. IF 's, in contrast to flavonoids, are of limited taxonomic distribution in the higher plants, being confined largely to the Papilionatae sub-family of the Legum inosae. They possess distinct biological activities including fish poisoning, insecticidal, spore germ ination inhibiting, hemolytic, and estrogenic effects [1] . Their UVspectra are different from flavonoids in showing a strong absorption in the region 245 to 270 nm (band II) and a rather weak band or shoulder with log e between 3.6 to 4.1 in the region of 300 to 340 nm. In their book, M abry, M arkham and Thomas [2] habe tabulated the UV-spectra of IF's and discussed the effect of addition of sodium m ethoxide, sodium acetate, borate and A1C13. Some of these reagents are claimed to be specific for the recognition of hy droxy groups in certain position of the IF ring.
During this work we have repeated some previous experiments [2 ] with shift reagents and found their effects not as specific as they are said to be. In p ar ticular, it was necessary to define very accurately the concentration of the shift reagents to be used. This has not been done in the above mentioned work.
The fluorescence of IF's has not received much attention up till now. In a previous paper the pH-and acidity dependence of the absorption and fluorescence of IF and 7-hydroxy-IF was described [3] . The latter shows an unusual behaviour in fluor escing from the anion form, despite of exciting the neutral molecule (photodissociation). M oreover, an unusual photo-tautom er with no equivalent in the ground state was detected. Huitink [4] reported the absorption and fluorescence maxima of 7-hydroxy-IF and its 2-methyl derivative at pH 4.5 and 10.5. For 7-hydroxy-IF the fluorescence maximum in alkaline solution was reported to occur at shorter wavelength than in acidic solution, although the excitation spec tra parallel the absorption spectra in giving long shifts on going from pH 4.5 to 10.5.
The solvent and acidity dependence of the absorp tion and fluorescence of the IF-type estrogen, coum estrol, has also been reported [5] .
A fter performing a similar study on flavonoids [6] we present here our results on the spectra of IF 's and the effects of shift reagents thereon with the aim to find reagents for the specific assignment of functional groups.
Results

Spectra in m ethanol solution.
The absorption and fluorescence maxima of the IF 's under investigation are summarized in Table I . Three groups of IF 's are encountered: Those without a 6-hydroxy group have absorption maxima between 300 and 310 nm for band I. Those with a 6-hydroxy group have absorp tion maxima between 310 and 330 nm and 5-hydroxy-IF's have absorption maxima (or shoulders) between 330 and 335 nm. The absorbance in each instance is rather low.
5-Hydroxy-IF's are practically nonfluorescent, al though there seems to be an increase in fluorescence with an increasing num ber of hydroxy or methoxy groups being present. By analogy to the behaviour of 5-hydroxyflavone [6] 7-Hydroxy-IF is known to undergo photodissocia tion [3] . The fluorescence maximum of 7-hydroxy-IF is therefore assigned to its anion. Photodissociation, and the resulting anion fluorescence in methanol so lution have been observed for all 7-hydroxy-IF's with a 4'-oxy group, with fluorescence maxima between 440 and 470 nm (nos. 3, 9, 14, 17 in Table I ). Photo dissociation is, however, suppressed when a 6-hy droxy or 6-m ethoxy group is also present, but a 4'-oxy group is absent (maxima between 400 and 440 nm, examples 2, 7; no. 18 is an exception). The assignment of the fluorescence band can be made by comparing the fluorescence maxima of the methanol solution with the fluorescence maxima after addition of either sodium acetate or ammonia solution.
IF 's with methoxy substituents only possess unusu ally longwave fluorescences (Amax at above 470 nm, examples 4, 6 , 12, 19; 6,7-dimethoxy-IF is an excep tion). 4'-Oxy-6-hydroxy-IF's fluoresce at rather shorter wavelengths (400 to 460 nm, examples 11, 13, 15, 18), but 4'-oxy-6-methoxy-IF's at distinctly longer wavelengths (460 to 510 nm, examples 6 , 14, 17, 19). Spectra in water. -A ddition of water (3 ml to 1 ml of the m ethanol stock solution) produces small bathochrom ic shifts in absorptions due to the change of solvent polarity (Table II) . In addition, some 7-hy droxy-IF's show partially absorption of the anion form due to the acidity of the 7-hydroxy function (e.g. nos. 2, 7, 9, 11, 17, 18). The pK a value of 7-hydroxy-IF is known to be 7.29 [3] , The molar ab sorbance values in w ater are generally higher in com parison with the values in methanol. W ater addition causes 7-hydroxy-and 6-hydroxy-IF's to fluoresce much more from its anion form, which can be inter preted in terms of better anion stabilization by water as a stronger dielectric agent (examples 1, 2, 3, 7, 9, 11, 14, 17, 18; partially 13 and 15 in Table III ). In case of num bers 3 and 14 (Table III) it is likely that excited state tautom ers are formed [3] , which are characterized by unusually long emission wave lengths. A ddition of w ater makes all 7-hydroxy-IF's stronger fluorescent, whilst 6-hydroxy-IF's show a decrease in fluorescence intensity.
The effect o f 50% sulfuric acid. -Addition of 1 ml of 50% sulfuric acid to 3 ml methanol stock solution produces a bathochrom ic shift of 12 nm for 6,4'-dim ethoxy-IF only, while the absorption spectra of all Table II ) and of around 44 nm with 5,7-dihydroxy-IF's (nos. 10, 16, 20). These shifts in absorption are paralleled by similar shifts of 5,7-dihydroxychromones with aluminium trichloride [7] . The UV maxi ma of all other IF 's rem ained unchanged, except perhaps for 6,4'-dim ethoxy-IF with an +11 nm shift. The shifts in fluorescence are rather complex. Since AICI3 is both an acidic and a complexing reagent, the results have to be com pared with the spectra of the stock solution and with the spectra of the acidified solutions following addition of sulfuric acid.
Longwave shifts up to 70 nm are observed with certain 7-hydroxy-If's (nos. 1, 2, 3. 6 , 18) while there are no shifts with others (nos. 9, 11, 14). Interesting ly, the latter three belong to the group of compounds which show no difference betw'een their methanol and ammoniacal fluorescence maxima (see later). Table II ) remain small (8 to 10 nm) due to the formation of a borax complex. For all other IF 's the shift is approx. the same as with ammonia due to anion formation.
Borax produces anion fluorescence for all IF 's, ir respectively w hether they fluoresce from the dissoci ated or undissociated form in the methanol stock so lution. H ow ever, 6,7-dihydroxy-IF's are an excep tion in giving fluorescence maxima different from the anion bands. This again is explained by formation of a fluorescing complex (nos. 2, 11, 18). As with the sodium acetate reagent and with ammonia the fluorescence intensities of 7-hydroxy-IF's are consid erably enhanced by borax.
The effect o f sodium acetate. -Aqueous sodium acetate (pH 8.25) gives rise to longwave shifts in the absorption for all 6-hydroxy-and 7-hvdroxy-IF's, for the latter only in the absence of a 5-hvdroxy group. The 6-hydroxy isomers seem to dissociate less readily (e.g. nos. 8 , 13 and 15, in Table II ) and to produce longwave shoulders only, indicating partial dissocia tion. The shifts are in the order of +13 to +36 nm for 7-hydroxy-IF's and of 45 to 49 nm for 6-hydroxy-IF 's.
5,7-Dihydroxy-IF's (nos. 10, 16 and 20) show a peculiar behaviour in giving practically no spectral shifts with all basic shift reagents under investigation. R ather, a longwave shoulder at 330 nm becomes a distinct maximum after addition of either sodium acetate or ammonia, whereas with sodium hydroxide the band becomes more flat.
All 6-and 7-hydroxy-IF's fluoresce from their an ion form after addition of sodium acetate. As far as they can be determ ined, the wavelength differences betw een the fluorescence maxima of dissociated and undissociated IF's are 61 to 112 nm for 6-hydroxy-IF 's (nos. 8 , 13, 15) and from 41 to 60 nm for 7-hydroxy-IF's (nos. 2, 7, 18). In judging the shifts in fluorescence it should be kept in mind that some 6- Conclusions. -The following generalizations may be made from the results presented before: a rough differentiation between 5-hydroxy-, 6-oxy-and 7-oxy-IF's can be m ade by studying their UV absorp tion maxima (band I). The presence of a 5,7-dihy droxy structure is evidenced by change of the long wave shoulder in absorption to a distinct new max imum after addition of sodium acetate. The new maximum is at shorter wavelengths (by 3 or 6 nm) than the shoulder or maximum in the methanol stock solution.
Except Table I .
Shoulder.
a hint regarding the substitution pattern of the nu cleus. In each instance the absorption and fluores cence maxima give a unique combination for each IF. 5-Hydroxy-IF's are not fluorescent, but may be detected by the form ation of a greenish fluorescent aluminium trichloride complex. The absorption and fluorescence spectra of IF 's with no hydroxy group are not influenced by basic or complexing shift rea gents, except for a small shift resulting from the addi tion of aqueous reagents. 6-Hydroxy-and 7-hydroxy-IF 's can be identified by a shift produced by addition of sodium acetate. 6-H ydroxy-IF's have large shifts (+45 to +49 nm), but the intensity of the anion band is not yet maximal because of a partial dissociation. For 7-hydroxy-IF's the shifts are smaller ( + 13 to +36 nm ), but dissociation is complete. Evidently, 7-hydroxy-IF's have smaller pKa values than the 6-hy droxy isomers.
However, 6,7-dihydroxy-IF's show distinct effects in both absorption and fluorescence after addition of borax. The shifts in absorption are from + 8 to + 10 nm and not identical with the shifts produced by the non-complexing reagents like sodium acetate or amm onia, which are always greater than +13 nm. Likewise, borate may serve to detect 6.7-dihydroxy-IF 's by virtue of the spectral shifts which are different from those produced with sodium acetate or am monia.
6,7-Dihydroxy-IF's may also be identified by the changes in absorption produced by aluminium tri chloride (ca. +20 nm). The effects in fluorescence are less useful.
Experimental Part
Com pounds. The investigated isoflavones were synthesized from the respective o-hydroxy desoxybenzoins by formylation of the keto-methylene group and cyclization of the resulting product by adopting the m ethod of Bass [8] . The compounds were purified by crystallization from suitable sol vents. The genuineness of the substances was estab lished by the elemental analysis, NMR and mass spectrom etry.
Reagents. M ethanol (Merck, fluorescence grade) was used to prepare the stock solutions. W ater was distilled from potassium permanganate and than twice from pyrex glass. It was used alone as a shift reagent and, when necessary, for the preparation of the reagents. 50% sulfuric acid (w/w), 5% aqueous sodium acetate, 1 % methanolic aluminium tri chloride and 1 % aqueous borax solutions were pre pared from commercial analytical grade reagents. 0.1 N sodium hydroxide was a commercial product. Among these reagents, 50% sulfuric acid and sodium acetate solution showed weak background fluores cence with maxima between 380 and 420 nm. In case of weakly fluorescent IF 's the background had to be subtracted from the technical spectrum with the help of a desk calculator.
Solutions. 20 to 30 mM solutions of the IF 's in m ethanol were prepared. 3 ml of the stock solution were transferred into a quartz cell and the fluores cence spectrum of this solution was m easured at an excitation wavelength identical with the longest wave absorption maximum. Then 1 ml of the shift reagent was added and the effect upon wavelength and inten sity was observed. Again, the excitation wavelength was at the respective absorption maximum. An ex ception was made with water as a reagent. In this case only 1 ml of the stock solution was treated with 3 ml of water.
Instrumentation. The absorption spectra were run on a Perkin E lm er Lam bda 5 spectrophotom eter and the fluorescence spectra on a Aminco SP 500 spectrofluorim eter in rectangular quartz cells at room tem perature. Emission was taken at a 90° angle to the excitation beam direction. Bandpasses were from 2 to 10 nm for both excitation and emission, depend ing upon the fluorescence intensity of the IF. The reproducibility of the spectral maxima was in the re gion of ± 1 nm in absorption and ± 2 nm in fluores cence.
